An easy and efficient microwave-assisted protocol has been developed for the synthesis of coumarin-purine hybrids (3a-3j). The newly constructed 1,3-dimethyl-7-((substituted)-2-oxo-2H-chromen-4-yl)methyl)-1H-purine-2,6(3H,7H)-dione derivatives were evaluated for their in vitro antioxidant activity by DPPH free radical-scavenging ability assay and DNA cleavage by using calf thymus. The compound 3i, shows the most excellent DPPH scavenging activity with a eOH substitution at C7 of coumarin ring. In addition, the structure of compound 3f, has been elucidated using single crystal X-ray diffraction technique. Theoretical calculations (DFT) were carried out using Gaussian09 program package and B3LYP correlation function. Full geometry optimization were carried out using 6-311Gþþ(d, p) basis set and the frontier orbital energy were presented. Hirshfeld surface analysis was used for the intermolecular interactions in the crystal structure. The experimental result of the compound 3f has been compared
Introduction
Most typical challenges of today's world in constructing the potent organic biomolecules are utilization of least energy, hazardous and expensive solvents minimization [1, 2, 3, 4] . Hence lots of organic reactions have been developed using microwave (MW) for chemical conversions to obtain compounds of chemical applications. Microwave technology is the current thrilling field in green chemistry, broadly classified as microwave-assisted organic synthesis [5] . Hence lots of organic reactions are taking place using microwave (MW) for chemical conversions to obtain compounds of chemical applications, and now thrilling field today in green chemistry, broadly noted to as microwave-assisted organic synthesis [5] . Thus, microwave-assisted organic reactions marks in noticeable improvement in dramatic reduction in reaction time from days and hours to minutes, reduce side reactions, reaction rate enhancement and improving the yield and purity of the organic molecules [6, 7, 8, 9, 10] .
Reactive oxygen species (ROS) are formed by aerobic organisms as an unavoidable consequence of cell metabolism. Dietary antioxidants are required to reduce the cumulative effects of oxidative damage due to surplus ROS that remains in our system [11] . These free radicals may oxidize lipids, proteins, or nucleic acids which occur through a chain reaction and may form potentially toxic end products that can lead to aging, cancer, atherosclerosis, and some neurodegenerative disorders such as Alzheimer's and Parkinson's diseases [12] . Therefore, oxidation by free radicals can cause not only deterioration of foodstuffs but also harm living organisms. When free radicals overcome our body's ability to neutralize them, they attack the body itself and disturb the action of cellular DNA. Cells with damaged DNA stagnate and are prone to developing cancer and growths. This kind of damage also accelerates the aging process, diabetes and severely taxing the immune system [13] .
The coumarin nucleus, which embodies an a,b-unsaturated lactone motif, is a biologically relevant and highly privileged structure, which is found in numerous natural products and bioactive pharmaceutical compounds [14] . Some authors predicted [15] coumarins and hydroxycoumarins which contain minimum one hydroxyl functional group have shown antioxidant activity, since they are hydrogen/electron donors to free radicals [16] . Coumarin derivatives exhibit vast biological activities such as, anti-tuberculosis, anti-microbial, anti-cancer, anti-inflammatory and anti-HIV agents [17, 18, 19, 20, 21, 22, 23, 24] . They are also key components of flavoring agent for a diverse set of food, such as soft drinks, yogurt, muffins etc. [25] .
In particular, umbelliferone (1), esculetin (2), scopoletin (3) and quercetin (4) were found as potent antioxidant agents (Fig. 1) [26] . On the other hand, purine alkaloids also show oxidative DNA breakage in presence of small biomolecules [27] .
Very recently, we reported the antimicrobial and anti-TB activity of coumarinpurine derivatives [28] , it was observed that compound 3a having eCH 3 substitution at C6 position of coumarin has shown excellent antimicrobial activity. Similarly, compounds 3a (C6-CH 3 ) and 3j (C6-tert butyl) substitutions in the coumarin ring have shown excellent anti-TB activity. Recently, our group designed and synthesized several coumarin derivatives with DNA cleavage studies [29, 30] , such as coumarin-thiazoline and coumarin-maltol. These research works motivated us to conduct further investigation of coumarin-purine derivatives such as, microwave synthesis, in vitro anti-oxidant, DNA cleavage, Crystal structure, DFT studies and Hirshfeld surface analysis. Bond lengths and bond angles were calculated by using optimized molecular structure. Here, we describe a new versatile tool for selection and to perform simple nucleophilic substitution reactions leading to C-N bridged coumarin-purine hybrids based on reaction condition, with a short reaction time, acutely safe, easy to handle and easy work up without further purification (Fig. 2 ).
Result and discussion

Chemistry
Reaction of 4-bromomethyl coumarins (1) with purine (2) in anhydrous potassium carbonate using acetone as solvent afforded 1,3-dimethyl-7-((substituted)-2-oxo-2H-chromen-4-yl)methyl)-1H-purine-2,6(3H,7H)-dione hybrids (3a-3j). Based on the results obtained from the experimental, it is clear that the microwave approach demonstrated to be extremely fast, providing excellent yield (90e97%) and the most evident development was the speed with which reaction were completed i.e., within 5e9 minutes, which is provided in Table 1 .
Single crystal X-ray diffraction studies
Single crystal of compound 3f has been obtained by slow evaporation of chloroform at ambient temperature. Compound 3f crystallized under a monoclinic system with the space group P2 1 /n. The unit cell dimensions of compound 3f are as follows: a Table 3 .
Geometry
All esds (except the esd in the dihedral angle between two least square planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations 
Frontier molecular orbitals
The results obtained using DFT show that the synthesized compound has the lowest HOMO energy (EHOMO ¼ -6.4795 eV) and the highest LUMO energy (ELUMO ¼ -2.3913 eV). The energy gap (Eg ¼ ELUMO -EHOMO) indicates that the molecule can easily transfer an electron HOMO level to LUMO level. LUMO-HOMO energy gap calculated for the title compound is 4.0882 eV (Fig. 5 ).
Hirshfeld surface analysis
Hirshfeld surface analysis is a tool for determining intermolecular interactions that join the molecules in its crystalline arrangement. The intermolecular interactions resolved to the intercontacts between atoms in the crystal structure were quantized using Hirshfeld surfaces computational analyses (Fig. 6) . The electrostatic potential surfaces are plotted ( Fig. 7) with red region, which is a negative electrostatic potential (hydrogen acceptors) and blue region, which is a positive electrostatic potential (hydrogen donor). The intercontacts and their quantification was done using visualization of the Hirshfeld surfaces and 2D fingerprint plots (Fig. 8) 3. Experimental
Materials and methods
All the chemicals purchased were of analytical grade and used without further purification. Melting points were obtained with the open capillary method on a Buchi apparatus and are uncorrected. IR spectra were recorded using KBr pellets on a Nicolet 5700 FT-IR instrument. 1 H and 13 C NMR spectra were recorded on JEOL 400MHz and Bruker 400 MHz Spectrometer using DMSO-d 6 and CDCl 3 as solvents and TMS as internal standard reference and chemical shifts were reported as d values (ppm). Shimadzu GCMSQP2010S was used to record the Mass spectra. Hereaus CHN rapid analyzer was used to record the elemental analysis. TLC was used to check the purity of the compounds.
3.1.1. Synthesis of coumarin-purine derivatives (3a-3j)
MW method
A mixture of 4-methylbromocoumarins (0.01 mol) with purine (0.01 mol) and K 2 CO 3 (0.02) in 10 ml MW vial with 5 ml of dry acetone was run into MW irradiator at 50 C for 5e9 min and cooled. The progress of the reaction was examined by thin layer chromatography (TLC). The reaction mixture was quenched to the crushed ice; the solid product obtained was filtered and washed with water.
Conventional method
A mixture of substituted 4-methylbromocoumarins (0.01 mol) with purine (0.01 mol) and K 2 CO 3 (0.02) in acetone for 4e6 h. The completion of the reaction was confirmed by thin layer chromatography (TLC) and followed the procedure as prescribed in MW method.
Single crystal X-ray diffraction studies
Single crystal X-ray diffraction data for the compound was collected at 296(2) K on a Bruker APEX-II CCD diffractometer using graphite monochromater Mo Ka (l ¼ 
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0.71073 A). The structure was solved using OLEX2 [31] 
Computational details
The theoretical calculations of compound 3f has been performed using DFT-B3LYP/6-311Gþþ (d, p) basis set, using the Gaussian 09W [34] and Gauss view 5 [35] program. The optimizations of molecular structure in the ground state [36] and bond length and bond angle calculations for compound 3f has been carried out by using B3LYP/6e31 þ G method. The energies of HOMO and LUMO electronic properties were being recognized by DFT approach.
Biological assay
Evaluation of antioxidant activity by DPPH radical scavenging activity
The antioxidant activity of the synthesized compounds was measured on the basis of the free radical scavenging activity by the DPPH (1, 1-diphenyl 2-picrylhydrazyl) method. The stock solution of DPPH$ was prepared by dissolving 3.9432 mg DPPH in 100 mL of methanol (0.1 mM) and stored at 4 C until use. 2 ml of DPPH solution was mixed with 1 mL of different concentrations (20e100 mgmL À1 ) of the compounds. Ascorbic acid (100 mgmL À1 ) was used as the reference standard.
Mixture of 1 mL distilled water and 2 mL DPPH solution was used as the control.
The reaction mixture was mixed and incubated at room temperature in the dark for 30 min. The absorbance was recorded spectrophotometrically at 517 nm.
The antioxidant activity of the compounds was estimated based on the percentage of DPPH radical scavenged as the following equation: were dissolved in DMSO and added separately to the 10 ml of CT-DNA and then incubated at 37 C for 2 h.
Agarose gel electrophoresis
The cleavage of Calf-Thymus DNA (CT-DNA) by the products was analyzed using an agarose gel electrophoresis method. The gel electrophoresis was performed on 1%
agarose the wells were loaded with 10 mL of DNA, 5 mm of the test compound and 10 mL of the tracking dye. Electrophoresis was performed at 50 V for 45 min. The gel was observed under UV trans illuminator and DNA bands of test samples were with that of untreated control and a marker was used to examine the molecular weight.
Biological evaluation
In vitro antioxidant activity
In the present investigation of different concentrations of coumarin-purine derivatives were subjected to DPPH free radical scavenging assay with standard ascorbic acid. From the results it is clear that the substitutions on the coumarin ring enhances the radical scavenging activity, especially the eOH functional group is favorable for increase in the activity. The compound 3i, shows the most excellent DPPH scavenging activity with a eOH substitution at C7 of coumarin ring. The compound 3f, has shown good scavenging activity with eOCH 3 , substitution at C6 of coumarin ring. Further the compounds 3j and 3e also were found to be good scavengers with the substitutions 6-tert butyl and 3,5-dimethyl of the coumarin ring. The remaining compounds 3a, 3b, 3c, 3d, 3g and 3h have shown good to moderate scavenging activity. However, the radical scavenging activity is depending on the functional group and position of the desired compounds and the results are given in Table 4 .
Electrophoresis analysis
In order, to synthesize potent drugs it is essential to know the ability of compound to cleave/bind DNA. Therefore, the synthesized compounds (3ae3j) were subjected to CT-DNA cleavage assay using an agarose gel electrophoresis method, and the results are presented in Fig. 9 . The control sample was maintained and the bands appeared with test compounds were compared with that of bands appeared in the control sample. It was observed that compound 3j did cleave the DNA more efficiently, as no traces of DNA were found. Immobilization of DNA may be due to the binding activity of compounds that observed in the wells loaded with compounds (3a, 3b, 3c, 3d, 3g, 3h and 3i). Whereas shearing of DNA was observed with the sample 3e. No changes was recorded in the band of 3f treated compound when compared to the control indicating that the test compound (3f) was found to be Values are expressed as mean AE SD, n ¼ 3 and. ** Correlation is significant at the 0.01 level. 
Conclusions
The title compounds (3a-3j) were synthesized under microwave irradiation method. The microwave approach has been demonstrated to be extremely fast, with enhanced reaction rate and shorter time, providing desired compounds in good to excellent yields and in high purity as compared to the conventional method. X-ray structure of the compound 3f crystallized under a monoclinic system with the space group P2 1 /n. The DFT results showed that geometry optimization calculations confirm the experimental results. Hirshfeld surface analysis and fingerprint plots give the nature of intermolecular interactions and percentage contribution from each individual contact. In vitro anti-oxidant activity of compound 3i, was found to exhibit excellent activity due to the presence of hydroxyl (eOH) group by using standard ascorbic acid. The compound 3j, is capable to cleave DNA completely.
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